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(54) Title: PROCESS FOR ROLL-TO-ROLL MANUFACTURE OF A DISPLAY BY SYNCHRONIZED PHOTOLITHO- 
GRAPHIC EXPOSURE ON A SUBSTRATE WEB 

(57) Abstract: This invention relates to a nelecirophoretic display or a liquid crystal display and novel processes lor its manufacture. 
The electro phoreiic display (EPD) of the present invention comprises microcups of well-defined shape, size and aspect ratio and 
the microcups are filled with charged pigment particles dispersed in art optically contrasting dielectric solvent. The liquid crystal 
display (LCD) of this invention comprises well 'defined microcups filled with at least a liquid crystal composition having its ordinary 
retractive index matched to that of the isotropic cup material. A novel roll -to- roll process and apparatus of the invention permits 
the display manufacture to be carried out continuously by a synchronized photo-lithorgrahie process. The synchronized roll-to-roll 
process and apparatus permits a prc-patterned photomask, formed as a continuous loop, to be rolled in a synchronized motion in 
close parallel alignment to a web which has been pre-eoated with a radiation sensitive material, so as to maintain image alignment 
during exposure to a radiation source. The radiation sensitive material may he a radiation curable materia), in which the exposed 
and cured portions form the microcup structure. In an additional process step, the radiation sensitive material may be a positively 
working photoresist which temporarily seals the microcups. Exposure of a selected subset of the microcups via the photomask i mage 
permit* selective re-opening, filling and sealing of the microcup subset Repetition with additional colors permits the continuous 
assembly of a multicolor EPD or LCD display. 
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process for roll-to-roll manotacture of a display 
by s¥ncb£orizei> photolithographic exposure 
on a substrate web 

field 

This invention relates to the field of electrophoretic displays, and more particularly 
to methods and processes for the iBanufacture of such -displays comprismg cells of well- 
de&ed shape, size, and aspect ratio, which cells are filled with charged pigment panicles 
dispersed in a solvent. The processes disclosed include the roll-to-roll manufacture of an 
electrophoretic display by synchronized photolithographic exposure on a substrate web. 

BACKGROUND 

The eiectrophoretic display is a non-emissive device based on the electrophoresis 
phenomenon influencing charged pigment particles suspended in a solvent This general 
type of display was Srst proposed in 1969, An electophoretic display typically comprises 
a pair of opposed, spaced-apart plate-lilce electrodes, with spacers predetennhnng a certain 
distance between the electrodes. One of me electrodes is typically transparent- A 
suspension composed of a colored solvent and suspended charged pigment particles is 
enclosed between the two plates, 

"Wlien a voltage difference is imposed between, the two electrodes, the pigment 
particles migrate to one side by atfr-acrion to the plate of polarity opposite that of the 
pigment particles. Thus, the color snowing at the transparent plate may be determhaed by 
selectively charging tlie plates to be either the color of the solvent or the color of th e 
pigment particles , Reversal of plate polarity will cause the particles to migrate back to the 
opposite plate, thereby reversing the color. Intermediate color density (or shades of grey) 
due to intermediate pigment density at the transparent plate may be obtained by controlling 
the plate charge through a range o f voltages. 

Among the advantages of an electrophoxetic display (SPD) over other types of flat 
panel displays is the very low power consumption. This salient advantage makes the EPD 
particularly suitable for portable and battery powered devices such as laptops, cell phones, 
personal digital assistants, portable electronic medical and diagnostic devices, global 
positioning system devices, and the like. 



l 



WO 02/065215 



PGT/US02/04967 



fn order to prevent imdesired mo vements of the particles such as sedimentation, 
partitions were proposed between the two electrodes for dividing the space into smaller 
cells. See, e.g., M, A Hopper and V. Novotny, lEEETrans, Elecb\ ^ev. > MS): H48-1152 
(1979). However* in the case of the partition-type el^ difficulties 
are encountered in the formation of the partitions and the process of enclosing the 
suspension. Purniennore, it is also difficult to keep different colors of suspensions separate 
from each other xa the partition-type electrophoretic display, 

Attempts have been made to enclose the suspension m microcapsules. OS Patent 
No. 5,961,804 and US Patent No. 5,930;026 describe rmcroencapsuMed electrophoretic 
displays. These displays have a substantially two dimensional arrangernent of 
microcapsules each having therein an electrophpretic composition of a dielectric fluid and 
a suspension of charged pigment particles that visually contrast with the cnelectric solvent 
The microcapsules can be formed by mterfacial pol^erization, in-situ polymerization or 
other known methods such as physical processes, in-liquid curing or simple/complex 
cg acervation. The microcapsules, after their formation, may be mj ected into a cell housing 
two spaced-apart electrodes, or they may be "printed" into or coated on a transparent 
conductor film- The microcapsules may also be immobilized within a transparent matrix 
or binder that is itself sandwiched between the two electrodes. 

The electrophoretic displays prepared by mese prior art processes, in particular the 
microencapsulation process^ as disclosed in US Patents Ho, 5,930.026, No, 5,961,504;, and 
No. 6,017.584, have several shortcomings. For example, the electrophoretic displays 
manufactured by the microencapsulation process suffer from sensitivity to environmental 
changes (m particular sensitivity to moisture and temperature) due to the wall chemistry of 
the microcapsules. Secondly, the electrophoretic displays based on the microcapsules have 
poor scratch resistance due to the thin wall and large particle size of the microcapsules. To 
improve the handleability of the display* rrncrocapsules are embedded in a large quantity of 
polymer matrix which results in a slow response time due to tlie large distance between the 
two electrodes and a low contrast ratio due to the low payload of pigment particles. It is 
also ditficult to increase the surface charge density on the pigment particles because 
charge-controlling agents tend to diffuse to the water/oil interface during the 
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nncroencapsidation process. The low charge density or zeta potential of the pigment 
particles in the merocapsules also results in a slow response rate. Furmermore, because of 
the large particle size and broad size distribution of the tnicrocapsules, the prior ait 
electrophoretic display of this typehaspoor resolution and addressability for color 
applications. 

SUMftlARY :; 

The etectrophoretic display (EPD) of the present invention comprises cells of well- 
defined shape, size and aspect ratio and the cells are rilled with charged pigment particles 
dispersed in an optically contrasting dielectric solvent 

The invention also relates to a novel roll-to-roll process and apparatus which pennil 
the manufacture ofme display to be carried out contmuousty 

lithographic process. The synchronized roll-to-roll process and apparatus are also useful 
for rnanufactining liquid crystal displays (LCD) and other structures and assemblies for 
electronic devices. 

One embodiment of the invention relates to the manufacture of ^plurality of 
rnicrocups which are formed integrally with one another as portions of a structured two- 
dimensional array assembly, preferably being formed upon a support web mcluding a 
patterned conductor film, such as addressable mdium-tm oxide (ITO) lines. Each microcup 
of the array assembly is filled wim a suspen^^ 
in a dielectric solvent, and sealed to form an electrophoretic cell. 

The substrate web upon which the microcups are formed preferably includes a 
display addressing array comprising pre-fonned conductor film, such as ITO conductor 
lines. The conductor film (ITO lines) arid support web are coated with a radiation curable 
polymer precursor layer. The filin and precursor layer are then exposed imagewise (as 
defmedbelow) to radiation to form the microcup wall structure. Following exposure, the 
precursor material is removed from the unexposed areas, leavmg the cured microcup walls 
bonded to the conductor film/support web. The imagewise exposure may be by LTV or 
other forms of radiation through a photomask to produce an image or predeteimfned 
pattern of exposure of the radiation curable material coated on the conductor film. 
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Affiougb it is generally not reqiiired, the mask may be positioned and aligned with respect 
to the conductor film, i.e„ ITG lines, so^^ 

spaces between ITO lines, and the opaque mask portions align with the 1X0 material 
(intended for microcnp cell floor areas). 

Alternatively^ the rnicrocup array may b e prepared by a process inoliiding 
embossing a thermoplastic or mermoset precursor layer coated on a conductor film with a 
pre-pattemed male mold, followed by relea&iiig the mold. The precursor layer may be 
hardened by radiation, cooling, solvent evaporation, or oilier means. This novel micro- 
embossing method is included in the subj ect of our co-pending application entitled "An 
Improved Eleetrophoretic Display and Novel Process for Its iMmufaeture", filed 
March 4, 2000. 

Solvent-resistan^ thermomechanically stable rnicrocims having a wide range of 
size, shape, and opening ratio can be prepared by either one of me aforesaid methods, 

Another embodiment of the invention relates to the manufacture of a monochrome 
electrophdretic display from a microcup assembly by filling the microcups with a single 
pigment suspension composition, sealing the rnicrocups, and finally lammating the sealed . 
array of nncrocups with a second conductor film pre-coated with an adhesive layer. 

A further embodiment of tne invention relato the manufacture of a color 
eleetrophoretic display from a microcup assembly by a process of sequential selective 
opening and jKlm* of predetermined microcup subsets. The process includes larmnating or 
coating the pre*formed microcups with a layer of positively working photoresist, 
selectively opening a certain number of the microcups by imagewise exposmg the positive 
photoresist, followed by developing the resist filling the opened cups with a colored 
eleetrophoretic fluid* and sealing the filled microcups by a sealing process. These steps 
may be repeated to create sealed microcups filled with eleetrophoretic fluids of different 
colors. Thus, the array may be filled with different colored compositions in predeteimiiied 
areas to form a color eleetrophoretic display. Various toown pigments and dyes provide a 
wide range of color options for both solvent phase and suspended particles. Known fluid 
application and filling mechanisms may be employed. 
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Yet a further embodiment of Reinvention relates to a synclnroiiized xoll-to-roii 
photolithographic exposure method and apparatus, which may be employed for a number 
of useful processes, inehiding the process of malting the microcup array and the process of 
selectively filling the array of rmerocups to form a color display assembly. The imagewise 
roll-to-roll photolithographic exposure is preferably done through a moving photomask 
synchronized with a moving web substrate, to permit imagewise exposure of the woxkpiece 
(e.g., microcup aray or color display) m a continuous and seamless manner. 

The pre-patterned photomask may be an elongate strip formed as a continuous loop. 
The photomask pattern corresponds in form to structures of the niicrocup array or other 
subj ect device, such as the microcup walls and top openings. The photomask permits an 
image of the microcup array structure to be projected by radiation passmg teongh tlae 
photomask. TMs ^imagewise" exposure selectively exposes the radiation sensitive 
material to form the imaged stntctures while leaving the mteryening material unexposed. 
The photomask loop: is supported and aligned by an alignment mechanism so that the 
photomask loop is adjacent to the web s and a portion of the photomask loop is in generally 
parallel orientation to the portion of web to be exposed. 

The .synchromzed motion of me photomask and web includes moving His portion of 
the photomask loop which is adjacent to the web in parallel to the web in the substantially 
same direction. In effect, the photomask loop is "rolled" in a synchronized motion relative 
to the web in close parallel proximity to the exposed web portion, so as to maihtam image 
alignment during exposure. The relative motion of the web and photomask is controlled so 
that the microcup pattern of the mask remains aUgned with the corresponding structures 
being "imaged" on the web during exposure, hi a continuous synchronized motion and 
exposure process, the web and mask are moved at the same speed in me same direction 
during exposure in order to maintain this constant alignment. 

Alternatively, a semi-continuous syncrnoirized motion may be employed, whereby 
the mask and web are moved by equal incremental distances prior tc exposure, but remain 
fixed during exposure. 
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Forme roll-to-roU^ 

support web using mechanisms such as coupling or feedback circuitry or commori drives to 
maintain the coordinated motion (ia, to move at the same speed). 

For preparation of the array of discretely patterned rnicrocups, the roii-tc-roll 
photolithographic exposure apparatus can accept the c^^ 
with radiation-curable composition as a continuous strip in a high speed process- 
Following exposure, the web moves into a development area where the unexposed material 
is removed to form the microcup wall structure. The rrricrocups audlTG lines are 
preferably of selected size and coprdinately aligned with the photomask so that each 
completed display cell (t e., filled and sealed microcup) may be discretely addressed and 
controlled by the display processor. The IT0 lines may be pre-forrned by either a wet or 
dry etching process on the substrate web. 

For mateng color displays from the microcup array, the synchronized roli4o-roll 
exposure photolithograpluc process of the invention permits the selective opening, fuling 
and sealing of pre- selected subsets of the microcup cells. 

The pre-formed microcup array may be laminated or coated to temporarily seal the 
microcups with a positive-acting photoresist composition, and the sealed microcup array is 
then imagewise exposed using a corresponding photomask) to selectively expose the 
top openings of a desired subset of the microcups, Known lainrnating and coating 
mechanisms may be employed. The exposed portion of the photoresist may then be 
removed by developer to open the tops of the selected microcup subset. The term 
^developer" in this context refers to suitable known means for selectively removing the 
exposed photoresist, while leaving the unexposed photoresist in place. 

Thus, the array may be sequentially filled with several different color compositions 
(typically three primaiy colors) in a pre-determined cell pattern. For example, the 
imagewise exposure process rnay employ a positiyer^ top iarrrMate 

which initially seals the empty microcups. The miciocups are then exposed thi-ough a 
mask (eg- v a loop photomask in the described roil-to-roll process) so tliat only a first 
selected sub set of microcups are exposed. Development with a developer removes the 
exposed photoresist and thus opens the first microcup subset to permit filling with a 



6 



\VO 02/065215 



jPCT/U302/Q4M7 



selected color pigment dispersion composition, and subsequent sealing byone of the 
methods described herein. The exposure and development process is repeated to expose 
and open a second selected microcup subset for filling with a second pigment dispersion 
composition, with subsequent sealing. Finally, the rsmaming photoresist is removed and 
the third subset of microcups is filled and sealed. 

Yet another embodiment of the invention relates to the sealing of menncrbcups 
after they are filled with the eiectrophoretic fluid contaming a dispersion of charged 
pigment particles in a dielectric fluid. Preferably, ihe sealing is accomplished by 
dispersing a thermoplastic or mermose£ precursor in the electrophoretic fluid before the 
filling step. The thermoplastic or thermoset precursor is mnTiiscible wim me dielectric 
solvent and has a specific gravity lower than mat of the solvent and the pigment particles. 
After Ming, me thermoplastic or thermosst precursor phase separates torn the 
electrophoreiic fluid and forms a supernatant layer at the top of the fluid. 

The sealing of the rmcrocims is then conveniently accomphshed by bardemng the 
precursor layer by solvent evaporation, mterfacial reaction, moisture, heat, or radiation. 
UV radiation is the preferred method to seal the rmcrocups, although a combmatioh of two 
or more curing mechanisms as described above may be used to increase the throughput of 
sealing. Alternatively, the sealing canbeaccompH^ 

fluid with a solution contaming the thermbplasfic or thermoset precursor. To reduce or 
ehmuiate the degree of intermixing during the overcoating process, it is highly 
advantageous to use a sealing composition that is irimnsciMe wim the elecn&phoretic fluid 
and preferahry has a specific gravity lower than me dielectric The seeing is then 
accomplished by hardening the precursor by solvent evaporatioii, interfacial reaction, 
moisture, heat, radiation, or a combination of curing rnechanisms. These sealing processes 
are especially uni que features of the present invention. 

Liquid crystal displays may also be prepared by the method of this invention if the 
eleGtrophoretic Md described above is replaced by a suitable liquid crysl^ cornposition 
having the ordinary refractive index matched to that of the isotropic cup material In the 
"on" state, the liquid cry statin the microcups is aligned to the field direction and is 
transparent mthe "off s ' state, To 
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maximize the light scattering effect, the diameter of me microcups is typically in the range 
of 0.5-10 microns. 

In summary, the roll-to-roll process of the present inyention may be employed to 
carry out a sequence of processes on a single continuous web, by caixymg and guiding the 
web to a plurality of process stations in sequence, 

For example, the microcups may be formed, fiiied, sealed and laminated m a 
contmuous sequence, 

In addition to the formation and fillmg of microcup arrays the synchromzexi roll-to- 
roll process may be adapted to the preparation of a wide range of structures or discrete 
patterns for electronic devices formable upon a support web substrate, e.g., flexible circuit 
boards and the like. As in the process and apparatus for EPD microcups described herein, 
a pre-patterned photomask is prepared which includes a plurality of photomask portions 
corresponding to structural elements of the subj ect device. Each such photomask portion 
may have a pre-selected transparency to radiation or a pre-selected opacity to radiation s so 
as to form an image of such structural elements upon the correspondingly aligned portion 
of the web during exposure. The methodology of the invention may be used for selective 
curing of structural material, or maybe used to expose positively or negatively acting 
photoresist material diuing manufactunng processes. 

Because these multiple-step processes as disclosed may be carried out roll-to-roll 
continuously or serm-continuousiy, they are suitable for high volume and low cost 
production These processes are also efficient and inexpensive as compared to other 
processes for high volume production operations. The electrophoretic display prepared 
according to the present invention is not sensitive to envnonmemv such as humidity and 
temperature. The display is thin, flexible, durable, easy-to-handle, and format-ftexible. 
Since the electrophoretic display prepared according to the present invention comprises 
cells of favorable aspect ratio and well-defined shape and size, the bi-stahle reflective 
display has excellent color addressability, high contrast ratio, and fast switchmg rate. 
Furthermore, the disclosed apparatus and methods o f the invention are directed to 
electrophoretic displays (EPDs) suitable for economical mass production, thereby making 
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the low power consumption characteristics of the EPft available to a broader range of 
consumer, scientific, commercial and industrial electronics: 

BRIEF DES CRIPTION OF THE DRAWINGS 

Figure 1 is a schematic cross-section depiction of the eleetrophoreric display of the 
present invention, showing three microcup cells in a neutral conditiom 

Figure 2 is a schematic cross-section depiction of the electrophoretic display of 
Fig, 1, but with two of the cells charged^ to cause the pigment to migrate to one plate. 

Figures 3A-3C snow the contours of an exemplary microcup array prepared by the 
method of the invention, Fig. 3A showing a perspective view, Fig, 3B showing a plan 
view, and Fig. 3C showing an elevation view, the vertical scale being exaggerated for 
clarity. 

Figur es 4A-4D are a sequence of cross sections of an exemplary rnicrocup array of 
the invention, iEustrating Che steps of a preferred of the 

invention, in this example^ a monochronie display. 

Figures 5A and 5B show the basic processing steps for preparing the microcups 
involving imagewise photolithographic exposure through a photomask ("top exposure") of 
the conductor film coated with a thermoset precursor tc IJY radiation- 
Figures 6A aad 6B show alternative processing steps for preparing the microcups 
involving imagewise photolithographic exposure of the base conductor film coated with a 
thermoset precursor to UV radiation s in which the Base conductor partem on a transparent 
substrate serves a substitute for a photomask ("bottom exposure") and is opaque to the 
radiation. 

Figures 7A and 7B show alternative processing steps for preparing the microcups 
involving imagewise photohthographic combining the top exposure andbottom exposure 
principles, whereby the walls are cured in one lateral direction by top photomask exposure 
and in the perpendicular lateral direction by bottom exposure through the opaque base 
conductor film ("combined exposure"). 

Figures 8 ? 5 A and SB show the method steps of Figs. 5 A-C carried out by a novel 
synchronized roll-to-roll photo-litho^^^ 
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Figures 9 A to 911 show m example of the preparation of a muIti-cQloT 
electrppho^ 

Figures 10, 10A and 10B show^ out by the 

novel synchronized rolUo-roB photo-umograpMc apparatus of the iny^tioii using a 
positive acting photoresist laminate or coating. 

Figure 11 illustrates schematlcaHy an exemplary semi-continuous process for the 
preparation of a Bgcolor EPP mierocup array assembly. 

DETAILED BESCMPTXON OP' THE INVENTION 

Tne following detailed description illustrates the invention by way of example, not 
by way of iirmtation of the principles of the invention. This description will enable one 
skilled in the art to make and use the invention, and describes several embodiments, 
adaptations, variations, alternatives and uses of me invention, mcluding what is presently 
believed to be the beat mode of carrying out the invention. 

In this regard, the mvention is illustrated in several figures, and is of sufficient 
complexity that the many part s, interrelationships, and sub-corhbinatioiis thereof simply 
cannot be clearly or meaningfully illustrated in a single patent-type drawing. Accordingly, 
several of the drawings show in schematic, or omit parts that are not essential in that 
drawing to a description of a particular feature, aspect or principle of the invention being 
disclosed, Thus, the best mode embodiment of one feature may be show 
and the best mode of another feature will be shown in anomer drawing. 

Certain examples are given herein to enable those sidlled in the art to more clearly 
understand and to practice the present invention, These exemplary processes, methods, 
compositions and apparatus should not be considered as limiting the scope of the 
invention, but merely as being illustrative and representative thereof 

M pubHcatiohs and patent applications cM^ specification are herein 
incorporated by reference as if each indi vidual publication or patent application were 
specifically and individually indicated to be incorporated by reference. 
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Definitions 

Unless denned /otherwise in this specification, all technical terms are used herein 
according to their conventional definitions as they aie commonly used and understood by 
those of ordinary skill in the art. 

The term "microcup" refers to the cup-like indentations, which may be created by 
methods such as micro-embossmg o Likewise, theplural form 

"microcups" in a collective contend: may in general refer to the microcup assembly 
compri&mg a plurality of such microcups integrally formed or joined to make a structured 
two-dimensional microcup an-ay. 

Theterrn "cell", in the context of the present invention,, is intended to mean the 
singleurrit formedfrom a sealed microcup. The cells are filled: with charged pigment 
particles dispersed in a solvent or solvent rnkture. 

The term 44 weH-defrned^ when describing the mrcrocups or cellSj is mtendedto 
indicate that the microcup or cell has a definite shape, size and aspect ratio which are pre- 
deteonmed according to the specific parameters of the manufactm-fng process. 

The term "aspect ratio" is a commonly known term in the art of electrophoretic 
displays. In this application, the term "aspect ratio" as applied to the microcup refers to the 
depth to width ratio or the depth to diameter of the niicrocup opening. 

The term ^imagewise exposure^ means exposure of radiation-curable material or 
photoresist composition to radial as UV, using one of the methods of the 

invention whereby the portions of the material so exposed are controlled to form a pattern 
or "image'* corresponding to the stocture of the microcups, e.g., the exposure is restricted 
to the portions of the material corresponding to me microcup walls, leaving the- microcup 
floor portion unexposed, m the case of selectively opening photoresist on piedetermined 
portions of me microcup att^^ 

material corresponding to the cup opening, leaving me microcup walls unexposed. The 
pattern or image may be formed by such methods as exposure through a photomask:, or 
alternatively by controlled particle beam exposure, and the like. 
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Mieft>Cjit> ArrAy.AndMethgds^QfThelriventiipia 

Figures 1 and 2 are schematic cross-section views of an exemplary inicrocup array 
assembly embodiment, simpHtled for clarity/showin^ a microcup array assembly (10) of 
three microcup cells (1 2a, b, and c). 

As show in Fig. 1, each cell (12) of array (10) comprises two electrode plates (11, 
13), at least one of which is transparent (11), such as an mrlium-tnl oxide (ITQ) electrode, 
the electrodes (11) and (13) bounding two opposite faces of the cell (12). 

The microcup cell array assembly (10) comprises a plurality of cells which are 
disposed adjacent to one another within a plane to form a layer of cells (12) enclosed 
between the two electrodes layers (11) and (13). Three exemplary cells (12a), (12b), and 
(12c) are shown, bounded by their respective electrode plates (11a, lib, and 11c) 
(transparent) and (13 a, 13bj and 13c) (back r>lates) v ithemg understood that a large number 
of such cells are preferably arrayed two-dimensionally (to the right/left and in/out of the 
plane in Fig. 1) to form a sheet-like display of any selected area and two-dimensional 
shape. Likewise, several microeup cells may be bounded by a smgle electrode plate (11) or 
(13)* although, for clarity, Fig. 1 shows an example in which each ceil (12) is bounded by 
separate electrode plates (11 and 13) having the width of a single cell 

The cells are of well-defined shape and size and are filled with a colored dielectric 
solvent (14) in wlvicb charged pigment particles (15) axe suspended and dispersed. The 
cells (12) may be each Med with the same composition of pigment and solvent (e.g., in a 
monochrome display) or may be rilled with diiferent compositioiis of pigment and solvent 
(e.g\, in a full color display). Fig. 1 shows three different color combinations as indicated 
by the different hatch pattern in each cell (12a, 12b, and 12c), the solvents being 
designated (14a, 14b 5 and 14c) respectively, and the pigment particles being designated 
(15a, tSby and 15c) respectively. 

The microcup cells (12) each comprise enciosing walls (16) bounding the cells on 
the sides (within the plane of array (10) and floor (17) bounding the cell on one face, in this 
example the face adjacent to electrode (13), On the opposite face (adjacent electrode (11)) 
each cell comprises sealing cap portion (1 S). Where the sealing cap portion is adja cent to 
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the teansparent electrode (II) {as iri Fig, 1), the sealing cap (18) comprises a transparent 
composition. Although in the example of Fig. 1 ? the floor (17) and the sealing cap (18) are 
shownas separate cell portions distinct ftom adjacent electrodes (13) and (11) respectively^ 
alternative emhodiments of the rnicrocup array (10) of the invention may comprise an 
integral floor/electrode structure or an integral sealing cap/electrode structure. 

Figure 2 is a schematic cross-section depiction of the electrophoretic display of 
Fig. 1 , but with two of the cells charged (12a and 12c), to cause the pigment to migrate to 
one plate. When a voltage difference js imposed between the two electrodes (11, 13), the 
charged particles (15) migrate to one side (i.e., toward electrode (11 or 13) depending on 
the charge of the particle and eleekode^such that eimer the color of the pigment particle 
(15) or the color of tlie solvent (14) is seen through the transparent conductor film (11). At 
least one of the two conductors (11) or (13) is patterned^ 

to permit a selective electric field to he established with respect to either each cell or with 
respect to a pre-defined group of cells (e.g., to form a pixel). 

In the example of Fig. 2, two of me cells are shown charged (12a and 12c), in 
which thep electrode plates 

(11a and 11c), The remaining ceil (12b) remains neutral (pigment (15b) is dispersed 
throughout solvent (14b)) . 

Figures 3 A-3C shows the c onto in s of an exemplary portion of a microcup array 
prepared by the method of the invention, Fig. 3A showing a perspective view, Fig. 3B 
showing a plan view, and Fig. 3 C sho wing an elevation view, the vertical scale being 
exaggerated tor clarity. For reflective electrophoretic displays, the opening area of each 
individual microeup may preferably be in the range of about I0 2 to about 5x1 0 5 um^ more 
preferably from about 10* to about 5xl0 4 um 2 . The width w of the microcup (12) (distance 
between adjacent walls (16)) may vary over a wide range., and is selectable to suit the 
desired fmal display characteristics. The width w of the microcup openings preferably is in 
Hie range of from about 15 to about 450 um, and more prefer ably from about 25 to about 
300 um from edge to edge of the openings. Each microcup may ibim a small segment of a 
pixel of the rmal display, or may be a full pixel 
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The wall Ificfcness t relative to the cup width w may vary over a large range, and is 
selectable to suit the desired final display characteristics. The microcup wall iHclmess is 
typically from about 0 .01 to about 1 times the microcup width, and more preferably about 
0.05 to about 0.25 tirnes the microcup widuu The operiing-to-wall area ratio is preferably 
in the range of from about 0.05 to about 100, more preferably from about 0.4 to about: 20. 

The microcup wall height h (which demies the cup depth) is shown exaggerated 
beyond its Epical proportional dimensions for clarity. Although the wall height may be of 
a wide range relative to the cup width w, the optimum height will depend to an extent on 
the solvent and pigment characteristics and the desired operating electric field. Thus the 
wall height may be selected to optimize the display response characteristics, and need not 
be any fixed relationship to cell width. The proportional height of the waU may topically 
be greater in comparison to a small microcup width than in comparison to a large microcup 
width. Most typically, the wall height is less than the microcup width. Preferably* the 
height of the rniorocups is in die range of about 3 to about 100 microns (jxm) 5 preferably 
from about 10 to about 50 urm 

For simplicity and clarity, a square microcup arranged in a linear two-dimensional 
array assembly is assumed in the description herein of the microcup array assembly of the 
invention. However, the microcup need not be square, it may be rectangular, circular, or a 
more complex shape if desired* For example, the miciocups may be hexagonal and 
arranged m a hexagonal close-packed array, or alternatively, triangular cups may be 
oriented to form hexagonal sub-arrays, which m turn are arranged m a hexagon^ 
packed array. 

Id general, the rnicrocups can be of any shape, and their sizes and shapes may vary 
throughout the display. This may be advantageous m the color EPD. m order to maximize 
the optical effect, rnicrocups having a mixture of different shapes and sizes may be 
produced. For example, microcirps Med with a dispersion of the red color may have a 
different sliape or size from the green rnicrocups or the blue rnicrocups. Furthermore, a 
pixel may consist of different numbers of rnicrocups of different colors. For example, a 
pixel may consist of a number of small green rnicrocups, a number of large red rnicrocups, 
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and a number of small blue rmcrocirps, l£ is not necessary to have the same shape and 
number for tb.e three colors. 

The openings of the nicrocups may be round, square, rectangular, he 
any other shapes. The partition area between the openings is preferably kept small in order 
to achieve a high color saturation and contrast while m^ 

properties. Consequently, the honeycomb-shaped opening is preferred oyer, for example^ 
the circular opening. 

Preparation Of Electrophoretic Displays From The Microenp Array 

The preferred process of preparing the mioxocup array is; 
Figures 4A-4B. 

As shown in Fig. 4 A the rnicrocup array (40) may be prepared by any of me 
alternative methods of the invention } such as those examples illustrated in Figures 5, 6 and 
7. The unfilled mi Crocnp aixay 

a substrate web (43) upon i^cb a base electrode (42) is deposited The microeup walls 
(41) extend upward from the substrate (43) to form the open cups. 

As shown in Fig. 4B ; fee microcups are tilled with "a suspension of the charged 
pigment particles (45) in a colored dielectric solvent composition (44). In the example 
shown, the composition is the same in each cup, le., in a monochrome display.: An 
example of the assembly of a color display., in which three different colored 
solvent/pigment compositions arc employed, is desamed below in Figure 9. 

As shown in Fig. 4C, after filling, the microcups are sealed with a sealing or cap 
layer (46), which bonds to me microcup walls and prevents solvent leakage, hi one 
currently preferred sealmg memod, ate composition (46a) is 

added to the solvent/pigment composition (44/45). The thermoset precursor (46a) 
composition preferably is not rniscfble or soluble in the solvent and has a lower specific 
gravity than the solvent and the pigment particles. The mermoset precursor (46a) separates 
and forms a supernatant layer on top of me liquid phase solvent (44).^ The thermoset 
precursor (46a) preferably is then cured by radiation such as XjV (alternatively by heat or 
moisture) to form a bonded seal cap (46b) enclosing the microcups (40). A&era^rvely, the 
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sealing of the microchips may "be accomplished by directly overcoating and coring 2 layer of 
Hie fhennoset precursor coinposition oyer the surface of the eleetiophoretie fluid, More 
details of the sealing methods are discussed in the foUowing sections. 

As shownlnFig* 4B ? the sealed array of electi^pnoretic inicrocup cells (40) is 
laminated with a second conductor tl^ 

with an adhesive layer (48) which may be a pressure sensitive adhesive^ ahotiuelt 
adhesive, or a heat, moisture, or radiation curable adhesive. The laminate adhesive may be 
post-cured by radiation such as UV through the top conductor film if the latter is 
transparent to the radiation. 

Preparation Of The Pigment/Solvent Susffeiisioii; Or Bis^ersion Composition 

As described herein with respect to the various embodiments of the BED of the 
invention, the microeups are preferably filled v^tb charged pigment pa^ 
dielectric solvent solvent (44) and pigment particles (45) in Fig. 4B.)- The dispersion 
may be prepared according to methods well known in the art, such as US Patents 
No. 6,017,584, No. 5,914,806, No. 5,573,711, No 5,403,518, No. 5,380,362, No. 
4,680,103, No. 4,285 5 SG1, No. 4,093,534, No, 4,071,430, and No. 3,663,106. See also 
IEEE Trans. Electron Devices y m-24, ,827 (1977), and J, Appl Fhys. 4§(9):4S20 (1978). 

The charged pigment particles visually contrast with the medium in which the 
particles are suspended, The medium is a dielecMc solvent which preferably has a low 
viscosity and a dielectric constant in. the range of about 2 to about 30, preferably about 2 to 
about 15 for high particle mobility. Examples of suitable dielectric solvents mclude 
hydrocarbons such as decahydronaphthalene (DBCAIM), S-ethylidene^-norbornene, fatty 
oils, paraffin oil, aromatic hydrocarbons such as toluene, xylene, phenylxylylethane, 
dodecylben^ene; and aikylnaphihalene, halogenated solvents such as 
dichlorobeE&otrifk^ 

diehlorononane, pentachlorobenzene, and perfluoro solvents such as pe^uorodecalin, 
perftoroton^ 3M Gompany, St 

Paul MN, low molecular weight halogen containing polymers such as 
polyCperfluoropropylene oxide) from TCI America, Portland, Oregon, 
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polyCchloiotafluoroefhylene) such as Halocarbon Oils from Haioearhon Product Corp., 
River Edge, NJ, perRuoropoIyaI3^1etner such as Galden f HT-2Q0, and Fluorolink from 
Ausimont or Krytox Oils ^d^fe Delaware. In one 

preferred embodiment, poly(cMorotrirIiioToethylene) is used as the dielectric solvent, in 
another preferred embodiment, polyCperfiuoropropylene oxide) is used as. the dielectric 
solvent. 

The non-migrating fluid colorant may be formed from dyes or pigments. Nonionic 
azo and anfcaqxunone dyes are particularly useful. Examples of useful dyes include, but 
are not limited to: Oil Red EGN, S udan Red, Sudan Blue, Oil Bte, Macrolex Blue, 
Solvent Blue 35, Pylam Spirit Black and Fast Spirit Black from Pylam Products Co., 
Arizona, Sudan Black B from Aldrich, Thermoplastic Black X~70 from B ASF, and 
anthi-aquiiione blue, anthraqumone yellow 114, anthraqumone red 1 11, 135, anfeaquinone 
green 28 from Aldrich. Fluormated dyes are particularly useful when perfluoro: solvents 
are used. In the case of a pigment, the iioii-migrating pigment particles for generating the 
color of the medium may also be dispersed in the dielectric medium. These color particles 
are preferably uncharged. If the non-migrating pigment particles for generating color in the 
medium are charged, they preferably carry a charge which is opposite from that of the 
charged rmgratmg pigment parh carry the same 

charge, then they should have different charge density or different ekctrophoretic mobility. 
In any case, the dye orpigmeut for generating 1^e non-migratmg fluid colorant of the 
m edium must be chemically stable and compatible with other components in the 
suspension. 

The charged, migrating pigment particles may be organic or inorganic pigments, 
such as T1G2, phihalocyanine blues pMialocyanbe green, dlarylide yellow, diarylide 
AAOT YeIlow s and quinacridone, azo^ rhodamine, perylenepigment series from Sun 
Chemical, Hansa yellow G particles from Kanto Chemical, and Carbon Lampblack from 
Fisher. Submicron particle size Is preferred. These particles should have acceptable 
optical characteristics, should not be swollen or softened by the dielectric solvent, and 
should be chemically stable. The resulting suspension must also be stable against 
sedimentation, creanuhg or flocculation under normal operating conditions. 
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The migrating pigment partiol.es may exhibit a native charge, or may be charged 
explicitly using a charge control agent, or may acquire a charge, when suspended in the 
dielectric solvent Suitable charge control agents are well known in the art; they may be 
polymeric or jiDn^pol^CTC^in-nataiej/and-may-also be ionic gr non4onlc ? mcludmg iornc 
surfactants such as Aerosol OT\ sodium ; dod'ecylbeiizenesu^ 

sueemimide, maleic anhydride copolymers, vkylpyridine copolymers, vinylpyrrolidone 
copolymer [such as Ganex from International Specialty Products), (meth)acrylic acid 
copolymers, N 5 H-dimethylarrrm0ethyl (me1rt)acryrate copolymers, Fluorosurfaciants are 
particularly 'useful as charge controlling agents in perSuoroearbon solvents. These include 
FC fltu^ii3r^t&ttt$ :asicuai as.pPC-I70C, FC-l?^* G-l-76,-:FG430,. FG431 : J8md^<^74&= : fewai 
3M Company and Z onyl fluorosivrfactants such as Zonyl FSA, FSB, FSN, FSN- 100, FSO, 
FSO-100/FSD and IJR from Dupont 

Suitable charged pigment dispersions maybe manufactured by any of live well- 
known methods including grin&ng, milting, atMtmgs rmcroflmdizing, and ultrasonic 
techniques. For example, pigment panicles m the form of a to the 

suspending solvent and the resulting mixture is ball milled or attrited for several hours to 
break up the highly agglomerated dry pigment powder into primary particles. Although 
less preferred, a dye or pigment for producing the non-migrating fluid colorant maybe 
added to the suspension during the ball milling process. 

Sedimentation or creaming of the pigment particles may be eliminated by 
microencapsuladng the particles with suitable polymers to match the specific gravity to that 
of u^e ^eCtric solvent Microencapsuiation of the pigment particles may be 
accomplished chemically or physically. T>pical microencapsulation processes include 
interfacial polymerization, in-situ polymerization, phase separation* eoacervatiom 
eleetrostatic coating, spray drying, fluidized bed coating and solvent evaporation, 

.For a black/white electrophoretic display, the suspension comprises charged white 
particles of uranium oxide fiiOz) dispersed ma Mack solvent or charged black particles 
dispersed in a dielectric solvent A Mack dye or dye mixture such as Pylam Spirit Black 
and Fast Spirit Black from Pylam Products Co. Arizona, Sudan Black B fom Aldrich, 
Thermoplastic Black X-70 from BASF, or an insoluble black pigment such as carbon black 
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maybe used to generate the black color of the solvent For other colored suspensions, 
there are many possibilities. For a subtraetive color system, the charged T1Q2 particles may 
be suspended in a dielectric solvent of cyan, yellow or magenta color. The cyan, yellow or 
magenta color may be generated via the use of a dye or a pigment For an additive color 
system, the charged T1O2 particles may be suspended in a dielectric solvent of red, green or 
blue color generated also via the use of a dye or a pigment. The red, green, blue color 
system is preferred for most applications. 

Example 1 Pigment Dispersion, Polystyrene (G.S9 grams, Polystieiices, Inc., raw. 
50,000) and AOT (0. 094 grams, American Cyanamide, . sodium dioctylsulfosuccinate) were 
dissolved in 17,77 grams of hot xylene (Aldrich), Ti-PureR-706 (6.25 grams) was added to 
the solution and ground in an attritor at 200 -pin for more than 12 hours. A low viscosity, 
stable dispersion was obtained. Oil-blue N (0.25 grams, Aldrich) was added to color the 
dispersion. The suspension was then tested in a standard electrophoretk cell comprising 
two ITO conductor plates separated by a 24 micron spacer. High contrast, alternating 
white and blue images were observed with a switching rate ofabout 60 Hz and a rising 
time of 8.5 msec at 80 volts. 

Example 2 Pigment Pispersioii. The test of Pigment Dispersion Example 1 was 
repeated, except Oil Red EGN (AlMeh) was used. High contrast, alternating red and white 
images were observed witli a switching rate of 60 Hz and a rising time of 12 msec at 60 
volts. 

Example 3 Pigment Bispersioa. Ti-Puxe R-7 06 (112 grams) was ground by an 
attritor in a solution containing 11 .2 grams of a maleic anhydride copolymer (B aker 
Hughes X-5231), 24 grams of 3,4-dichlorobeiizotrMuoridej and 24 grams of 1,6- 
dicblorohexane (both from Aldrich), Sirrmarly/12 grams of carbon black were ground in a 
solution containing 1 .2 grams of alkylated polyvinylpyrrbliGone (Ganex V2I6 from ISP), 
34 grams of 3,4-dicMorobeiizotniluoride, and 34 grams of l 3 6-dichlorohexane (AkMch) at 
1 00 °C. These two dispersions were then mixed homogeneously and tested. High contrast 
black and white images were observed with a switching ra:e up to 10 Hz and a rising time 
of about 36 msec at 1 00 volts. 
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Example 4 Pigment Dispersion. 6.42 Grams of Ti Burs R706 was dispersed with 
aboTttogenizer into a solution containing L94 grams of Huorolink D torn Ausimont, 0.22 
grams of Fluorolink 7004 also from. Ausimont, 037 grams of a fluorinated cyan dye from 
3M, and 52.54 grams of perfluoro solvent HT-20D (Ausimont). 

Example 5 Pigment Dispersion. The same as Example 4 } except me TiPtife R706 
and Fluorolink were replaced by polymer coated T1O2 particles from Elimentis (Hihstown, 
NT) and Krytox (from Dti Pont) respectively. 

Sealing Of The Microctip Array 

The flEed microcups of the array are enclosed and sealed, e.g., as shown in Fig. 4C. 
The sealing of the microcups maybe accomplished ma number of ways. As discussed 
earlier^ a preferred approach is to disperse a UV curable composition containing 
multifunctional acryiates, acrylated oligomers, and photoinitiators into an electrophoretic 
fluid containing charged pigment particles dispersed in a colored dielectric solvent. The 
UV curable composition is imimscible with the dielectric solvent and has a specific gravity 
lower than that of me dielectric solvent and the pigment particles. The two components, 
TJV curable composition and the electrophoretic fluid, axe thoroughly blended in an m-line 
mixer and immediately coated onto the microcups with a precision coating mechanism 
such as Myrad bar, grayure, doctor blade, slot coating or slit coating. Excess fluid is 
scraped away by a wiper blade or a similar device. A small amount of a weak solvent or 
solvent Mxteesuc^^ or their aqueous solutions may be used to 

remove the residual electrophoretic fluid on the top surface of the partition v/ails of the 
microcups. Volatile organic solvents may beused to control the viscosity and coverage of 
the electrophoretic fluid- The mus-ftlled microcups are then dried and the UV curable 
sealing composition floats to the top of the e-lecrrophoretic fluid. The microcups may be 
scaled by curing the supernatant TJV curable layer during of after it floats to the top. UV or 
other forms of radiation such as visible light,TR and electron beam may be used to cure and 
seal the microcups. Alternatively, heat or moisture may also be employed to cure and seal 
the microcups, when heat or moisture curable compositions are used. 
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A preferred group of dielectric solvents exhibiting desirable density md soiubility 
discrirnmation against acrylate monomers and oligomers are halogenated hydrocarbons and 
their derivatives. Smfactants may be used to improve the adhesion and wetting at the 
interface between the electrophoretic fluid and the sealing materials. Useful surfactants 
include the FC surfactants from 3M Company* Zonyl fluorosurfactants from DuPonf, 
Suoroaerylaies, to ftoro^ubstitm^ long chain alcohols, perfiuoro- 

substituted long chain carboxylic acids and their derivatives. 

Alternatively, the electrophoretic fluid and the sealing precursor may be coated 
sequentially into the nucrocups, if the sealing precursor is at least partially compatible "with 
the dielectric solvent. Thus, the sealing of the microcups may be accomplished by 
overcoating a thin layer of merrrioset precursor which is curable by radiation, heat, 
moi sture or interfaciai reactions and curing on the surface of the filled mierocups. 
Merfacial polymerization followed by UV curing is very beneficial to the sealing process, 
mtermixing between me electron the overcoat is significantly suppressed 

by the formation of a thin barrier layer at the interface by interfaciai polymerization The 
sealing is then completed by a post curing step, preferably by UV radiation. To further 
reduce the degree of intermixing, it is highly desirable that the specific gravity of the 
overcoating is significantly lower than that of the electrophoretic fluid. Volatile organic 
sol vents may be used to adjust the viscosity and me ihiclmess of the codings. When a 
volatile solvent is used in the overcoat, it is preferred that k is irrmnscible the 
dielectric solvent The two-step overco ating process is particularly useful when the dye 
used is at least partially soluble in the thermoset precursor. 

Example fr MicrQcnp S ealing in this example of the "one-step" process of the 
invention, approxfnaately 0.05 M 1 wt% of 

bcnzil dimethyl ketal (Esacure KB 1 from Sartomer) in HDDA (1 ,6-hexanediol diacrylate 
from Aldrich) were dispersed into 0.4 ml of a dielectric solvent comprising 0. 5 wt% of 
2,23,3,4,4,5,5, 6,6,7,7,83,9,9,10,10,10 -nonadecafluoro-l-deeanol (Aldrich) in FC-43 
fern 3M Company. The resultant dispersion was then immediately filled into art array of 
microcups. Excess of fluid was scrapped away by a wiper blade. The HDBA solution was 
allowed to phase separate for at least 30 seconds and cured by UV radiation (10 mw/cm 2 ) 
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for about 1 minute. A hard, clear layer was observed on the top of the microcups arid trie 
microcups were sealed. 

Example ? Microcap Sealing m this exainple r me two-step overcoating and UV 
curing process of the invention was tested. Hie electrophoretic dispersion fluid, as 
prepared in Pigment Dispersion Example 3 S was coated onto the microcup array. A thin 
layer of Norland optical adhesive NOA 60 (Norland Products Inc., New Bnmswick, NJ) 
was coated onto the flUed rnicrocnps. Any excess of the UV adhesive was scrapped off by 
a strip of Mylar film and cleaned by a piece of absorbing paper. Hie overcoated adhesive 
was then cured immediately under a Lpetite Zeta 7410 UV exposure unit for about 15 
minutes. The microcups were sealed completely and no air pocket was observed. The 
thickness of cured adhesive layer was about 5-1 0 microns as measured by aMtutoyo 
thickness gauge. 

Example 8 Microcup Sealing. In this example, the two-step overcoating and 
moisture curing process of the invention was tested. The test of Microcup Sealing 
Example 2 was repeated, except me Norland adhesive was replaced by instant Krazy Glue 
from Elmer's Products, Inc., Columbus, Ohio. The overcoated adhesive was then cured for 
5 mmutes bymoisture in air. The microcups were sealed completely and no air pocket was 
observed- The thickness of cured adhesive layer was about 5- 10 microns as measured by a 
Mitutoyo thiclaiess gauge. 

Example 9 Microcup Sealing. In this example, the two-step overcoating and 
inteifacial polymerization process of theinve^ The experiment of 

Microcup Sealing Example 3 was repeated, except the electrophoretic fluid was replaced 
by a 3 ,4-dtcmoroberr2otiMiioride solution containing 0.3 wt% of tetraemylenepentaamine 
(Aldiich) and the Instant Krazy glue was replaced by an aliphatic polyisocyanate 
(DesmodurN33O0 to annydrous ether. A highly crosslinked 

thin ftTm was observed almost immediately after overcoating. The meleqtric solvent was 
completely sealed inside the microcups after the ether was evaporated at room temperature. 
No air pocket was observed. 

Example 10 Microcup Sealing, The samples prepared by the Pigment Dispersion 
Examples 4 and 5 mpernuoro solvent HT200 were diluted with a volatile perfluoro 
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eosolvent FC-33 from 3M and coated onto amicroenp array. The volatile eosolvent was 
allowed to be evaporated to expose & partially filled microcup array. A 7.5% solution of 
polyisoprene in heptane was then overcoated onto tie partially tilled cups by a Universal 
Blade Applicator with an opening of 6 mil. The overcoated mderocups were then dried at 
room temperature. A seamless sealing layer of ab out 7 microns thickness was observed 
under microscope. Little entrapped air bubble was observed m the sealed microeups. The 
sample was then post treated by UV" radiation or thermal baking to farther improve the 
b arci er prop erti es . 

Example 11 Preparation Of The Radiation-Gurable Material. The composition 
shown in Table 1 was coated onto Mylar Jl 01/200 gauge web using a Nickel Ghrome bird 
type film applicator with an opening of 3 mil. The solvent was allowed to evaporate 
leaving behind a tacky film with a Tg (glass transition temperature) below room 
temperature. The coated web was then exposed through a mask and UV cured by a UV 
source such as a metal fluoride lamp. 



Table j : PMMA-containing TJV curable cpmposition 



No. 


Description 


Ingredient 


Supplier 


parts 


1 


Epoxy acrylate 


Ebecryl3605 


UGB Chemicals 


7.35 


2 


Monomer 


Sartomer SK205 


Sartorner 


959 


3 


Urethane acrylate 


Ebecryl 6700 


UCB Chemicals 


4.87 ' 


4 


Polymemylmethaciylate 


Elvacite2051 


ICI 


9.11 


5 


Photoinitiator 


Darocur 1173 


Ciba 


1.45 


6 


Cationic photomitlator 


Gyracure ITVT 6976 


Union Carbide 


0.60 


7 


Solvent 


Acetone 


Aldrich 


67.03 






Total 




1.00.00 



The solvents for removing the micured composition following the imagewise 
exposure of the method of me mvention maybe conventional. The solvents may be 
conventional solvents or solvent rmxtures, which are selected to xmriimize the degree of 
swelling of the image-cured composition. Typical solvents include MEK, M?K, EtO Ac, 
BuOH, isopropanol, methanol, cyclohexanone s dichloroethane, triehloroetliane, 
methoxyethyl alcohol, and the like. 
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Example 12 Preparation Of The Radiation-Curable Gap Material. 12 Parts of 
Ebercryl -60Q. (UCB Chemicals, Smyrna, GA) ? 2.7 parts of Ebecryl 4S27> 1 part of Eb ecryl 
1360, 6 parte of HDDA (UCB Chemicals), and 1 part of Irgacure 500 {Giba Specialty 
Chemicals, Tarrytown, NY), were mixed homogeneously with 5 parts of methyl ethyl 
ketone (MEK). The solution was coated onto an ITO/PET film 
dry thickness of 50 microns. The coated sample was then exposed through a mask and 
developed with isopropanol. 

Example 13 Preparation Of The Radiation-Curable Cup Material. The same 
as Ex ample 12, except the formulation was replaced by 12 parts of Ebecryl 830, 5.5 parts 
of SR399 (Sartomer, Exton, PA), 2 parts of HDDA, 0,4:88 parts of Ebecryl 1360, O.lvparts 
ofTrgacure 369 (Ciba Specialty Chemicals), 0.02 parts of isopropyl thioxanthone 
from Aldrich, and 10 parts of MEK. 

Example 14 Prep aration Of The Radiation-Curable Cup Material Hie same 
as Example 13, except the tbraiulation was replaced by 7 parts of Ebecryl 600, 8 parts of 
SR399> 1 part of HDDA, 2.S parts of Ebecryl 4827., 1 ,4 parts of Ebecryl 1360, 0.1 parts of 
frgacure 369, 0 .02 parts of IT'X, and 10 parts of MEK. 

Ph otolithographic Method of Preparation of the Microcup Assembly 

The generd photplimographic process embodiments for preparation of the 
microcup assembly of the invention ((40) in Fig. 4) are shown in Figures 5 3 6 and 7> and 
the description of the particular synchronized apparatus and 

method of the invention is gi ven below. 

Top exposure method embodiment- As shown in Figures 5A and SB, the 
microcup array (50) may be prepared by exposure of a radiation curable material (51a) 
coated by Mow m film (52) to UV light {or alternatively 

other forms of ram^on, electron beams and thelike) through a mask (56) to form walls 
(51b) corresponding to the image projected through the mask (56). The base conductor 
film (52) is preferably mounted on a supportive substrate base web (53) ? which may 
comprise a plastic material. 
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In the photomask (56) in Fig, 5 A, the dark squares (54) represent the opaque area 
and the space between the dark squares represents the opening (transparent) area (55) of the 
mask (56). The IJV radiates thrpughthe opening area (55) onto the radiation curable 
material {51 a). The exposure is preferably directly onto fee radiation curable material 
(51a), Le., the UV does notpass through the substrate (53) orbase conductor (52) (top 
exposure). For this reason, neither the substrate (53) nor the conductor (52) needs to be 
transparent to the UV or other radiation wavelengths employed. 

As shown in Figure 5B ? The exposed areas (51b) become hardened and the 
unexposed areas (51 c) (protected by the opaque area (54) of the mask (56)) are ih en 
removedby an appropriate solvent or developer to form the microeups (57). Hie solvent 
or developer is selected from those commonly used for dissolving or reducing the viscosity 
of radiation curable materials such as methylethylketone, toluene, acetone, isopropanol or 
the like. The preparation of the microeups may be similarly accomplished by placing a 
photomask underneath the conductor film/substrate base web and m this case the UV light 
radiates through me photomask from the bottom. " 

Bottom Exposure And Combination Method, Two alternative methods for the 
preparation of the rmcrocup array of the invention by imigewise exposure are illustrated hi 
Figures 6 A and 6B and 7 A aiid 7B, These methods employ UV exposure through the 
substrate web, using the conductor pattern as a mask. 

In Fig. 6A, the conductor film (62) used is pre-patterned to comprise cell base 
electrode portions (64) corresponding to the floor portions of the ^ rnicrocups (67) . The base 
portions (64) are opaque to the LTV wavelength (or other radiation) enrployed. The spaces 
(65) between conductor base portions (62) are substantially transparent 
the IJV hghi. M this case, the conductor pattern serves as a photomask. The radiation 
curable material (61a) is coated upon the substrate (63) and the conductor firm (62) as 
described in Fig. 6A. The material (61a) is exposed by UV light proj ected "upwards" 
(through: substrate (63) and cured where not shielded by the conductor (62), Le. } m those 
areas corresp^ (65). As shown in Fig. 6B, the uncured material (61c) is 

removed from the unexposed areas as described above, leaving the cured material (6lb) to 
form tlie walls of the microeups (67) . 
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Fig. 7A illustrates a combination method which uses tiotli tlie top and bottom 
exposure principals to pm^ The base 

conductor film (72) is also opaque and line-patterned. The radiation curable materia! 
(71a), which is coated on the base conductor (72) and substrate (73), is exposed from the 
bottom through the conductor line pattern (72) which serves as the first photomask. A 
second exposure is performed from the "top" side through the second photomask (76) 
having a line pattern perpendicular to the conductor lines (72), The spaces (75) between 
the lines (74) are substantially transparent or tranrnissive to the UV light. In this process, 
the wall material (71b) is cured from the bottom np.m one lateral oriental 
from the top down in the perpendicular direction Jorning to form an integral microcup 

an 

: As shown in Fig. 7B, the unexposed ^rea is men removed by a solvent or developer 
as described above to reveal the microcups (77). 

Synchronized RoU-To-RpH Photo^^ Process For Making Mierocaps 

The photo-lithographic method of making microcup arrays disclosed herein {e.g., as* 
described in Figs* SA aud 5B) may also be employed as tne principle for a novel 
synchronized roll-tortoll photo-lithographic process. For the roll-to-roll process, the 
photomask may be synchronized With the substrate web and moved at the same speed as 
the latter, so as to permit a continuous production of the microcup array qffe 
the form of a continuous strip assembly. 

In the preferred exemplary roll-to-roll process disclosed herein, the electrodes are 
disposed in orthogonal electrode lines ("ITO lines") which may be aligned with the 
microcups (ie., the walls of the cups are aligned with the spaces between base ITO lines). 
Compartnientaiization of the space by walls forrned between the electrodes (the walls 
forming the micro-cup boundaries) facilitates pixelation andx-y addressing of the 
individual pixel (microcup). For x-y addressing of mdividual cup and hence pixel, the 
electrode lines will be orthogonal (ie.> the top electrode lines will ba orthogonal to the base 
electrode lines). The micro^cups are therefore preferably positioned to be at the 
intersections of the perpendicular top and base ITO lines, when the microcup cell assembly 
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process is complete (e.g., see Pig. 4), The base electrode or ITO lines is consequently 
deposited or embedded within the substrate web as a patterned series of parallel conductor 
lines prior to the rrncrocup construction. The ITQ lines are preferably of the same width as 
the miero-eups. 

Addressable EPDs are knOwn s and various techniques have been proposed to solve 
addressability problems, such as the thre-shold voltage problem^ including the control 
electrode technique. See, e.g., B. Singer and A. L. Dalisa, Proa SID, Vol 18/3&4, 3 Td and 
4 1h Quarters y pp 255-266 (1977), It should be understood, however, that the synchronized 
roll-to-roll photo-lithographic process is inherently flexible, and may be employed to rnake 
EPD microcup arrays of a wide range of electrode configurations and elected 
Alternatively,, for example, electronic components and/or conductors of various types may 
be embedded within the substrate web or overlain on either side of the web prior to 
supplying the web for the roMo^roll process described herein and the subsequent 
formation of microcups upon the web. Likewise, such components may be applied or 
mounted to the underside of the web following formation of the microcups; Similarly, the 
microcup construction pro cesses described herein may be employed to make cup-lilce 
compartments for displays and other devices in addition to EPD. 

Figure 8 illustrates an exemplary emhodimerit of the preferred roll-to-roil photo- 
litlaographic production apparatus (SO) of the invention for making the microcup array (81) 
for the electrophoretic display of the mvmnon, and shows a cross-section through the 
apparatus (SO) and a developing continuous strip microcup array (81). The microcup array 
may be preparedby imagewise exposing through a photomask (82) of radiation curable 
materials (84a) coated so as to cover the substrate web (86) and conductor film ITO lines 
(88). Known coating mechanisms may be used to apply the material (84a) to the web (S6). 

Xhe curable material (S4a) is preferably UV curable, and is cured by the UV 
radiation shown in Fig. 8 to form a stab le 5 solid polymeric material (84b) where tlie lJV* 
passes through me mask (82) to be absorbed by the precursor material (S4&). 

The orientation of the device (80) in Fig. Sis only exemplary, and the elements 
may be re-arranged in many suitable orientations with respect to the vertical direction for 
carrying out the method steps shown, Additional conventional supports, such as guides, 
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rollers and-the like, may be used to support* tension, tuni, and/or twist the web (86) and 
microcup array (81) daring the process shown 

The synchronized roll-to-roll process of the invention, as embodied in apparatus 
(80), includes mounting both photomask (82) and substrate web (86) in a manner that both 
are continuously movable and aligned adjacent one another, so that UV projection through 
the mask (82) and consequent curing of material (84a) may take place on a continuous and 
seamless manner. 

In the preferred mounting arrangement shown in Pig. 8 ; the mask (82) is formed as 
a continuous loop, and is mounted to engage intension at least a spaced-apart pair of 
drive/support cylinders (90) and (91), the mask loop (82) having a substantial straight 
section (92) spanning between the curved portions (93) which fit around the drive cylinders 
(90) and (91). 

The eonthrdous strip substrate web (86), upon which the microcup array (81) is 
constructed^ similarly engages and passes around at least two spaced apart drive cylinders 
(100, 101), so that a straxglit portion (1 03) of me web (86) is aligned parallel to the straight 
section of the mask loop (82). The mask drive cylinders (9Q, 91) are driven to rotate in the 
direction shown as Arrows A, and the web drive cylinders (100, 101) are driven to rotate 
in the opposite direction shown as Arrows so as to cause the mask straight section (92) 
and web straight section (103) to mo ve in parallel, in the same direction, at the same speed. 
The respective mask and web straight sections (92) and (103) respecnvely are preferably 
disposed a selected small distance apart, so as to prevent contamination of the mask (82) 
from the undeveloped material (84a), 

In Figure 8, the continuous web (86) is shown bemg fed inward (towards the UV 
exposure section) from the right-hand side, being supplied from & web stoxage/tensioner 
device (104) (not shown). Similarly, the developed web (with formed rrucrocups) is shown 
being taken up by a second web storage7tera (not shown) as it moves 

outward (away from the UV e>qposure section). Devices (104 and 105) may comprise 
known web handling and drive mechanisms . 

Alternatively to on-site coating of radiation eurable materials (84a) onto the 
substrate web (86) and conductor film XTO lines (88), as shown in Fig. 8, apre-coated 
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web/ITO stock may be separately prepared and stored, e.g., in a roll fomx. The stored pre- 
coated web/TTO stock preferably is fonnul&ted to be dry and tact-free after drying, to 
improve storability. For this alternative, a nigasr process temperature maybe used for the 
UV exposure step, than is typically used for on-site coated web (which may be tacky in its 
unonred state). The pre-coated stock may then be and fed to drive 

cylinder (100). 

Fonowhig W exposure (84a) is washed or developed 

witli a suitable solvent which removes tiie uncured (non-exposed) material (84a) to leave 
the Cured material (84b) in place, fornmig the walls of the microcups. The term "solvent" 
in this context refers to a suitable known means for selectively developmg the material by 
removing the unexposed precursorj while leaving the exposed and cured photoresist in 
place. Known solvent application mechanisms maybe employed, 

Fouowmg the wash step, the developed material (S4b) may be driedj and the; 
completed microcup array (81) is taken up for storage or further processing (105). 

Figure 8A. shows in top view a portion of the mask (82). NoteXine 8-8 in Fig. SA 
defines the cross section of the mask (82} shown m main Figure 8. The mask (82) 
comprises opaque sections (110) (generally square in this example), which are bounded by 
transparent mask sections (112). 

Figure 8B shows in plan view a portion of the developed microcup array (81). "Note 
Line S'-S' in. Fig, SB defines the cross section of the microcup array (81) shown in main 
Figure & The exposed ITO conductor (88) in the rmcrocup floor Corresponds to the 
opaquemask portion (1X0), andthe microcup walls (S4b) correspond to the transparent 
mask portions (112). 

The UV light shown in Fig, S irradiating the mask, straight section (92) may be 
supplied from conventional sources (not shown) , "Optionally, the mask drive cylinders (90, ■ 
91) may comprise a W traiisparcnt materialj and a UV light source (not shown) may be 
located within either or both cylinders (90. 91) to provide additional nomination at the 
edges of mask straight section (92), Optionally, additional support rollers or guides (not 
shown} may be included to provide fhrther support and alignment for mask straight section 
(92) andVor web straight section (103). 
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Fig, 8 shows a continuous coating step whereby the uncuTed precursor material 
(84a) is spread upon the web (86). Known coating mechanisms may be employed. 
Alternatively, the material (84a) may be applied in a separate operation, and pre-coated 
web substrate supplied from storage/tensioner (104). 

The photomask {82} may be synchronized m motion with the web (86) to move at 
the same speed using conventional drive control mechanisms. For example, the drive 
cylinders (90, 91) may be mechanically coupled with drive cylinders (lti0 ? 101) (e.g., by 
gearing to a common drive motor) so that each rotates with the same tangential velocity. 
Alternatively, me arive cylinders may be controlled by conventional feedback circuitry to 
maintain coordinated motion, such as by sensors detecting the passage of ITO lines (SS) on 
the web ($6) and the passage of corresponding opaque sections (110) on the mask (92), fox 
example by optical detector (114) and (115) respectively. The detector signals maybe 
used by the feedback control circuitry regulating drive speed to mamtain positive ahgmnent 
of these corresponding sections within the UV exposure sections (92/103), Alternative 
conventional sensor systems, such as magnetic sensors, bar code scamiers/markmgSj and 
the like, may be employed to provide feed back synchronization control. 

The thickness of the display produced by me present processes of the invention as 
described herein can be as thin as a piece of paper, and may be flexible. 

The width of the display is preferabryme widt^ web (typically 3-90 inches). 
Alternatively, the microcup array may be cut to produce narrower displaySj or one or more 
such rnicrocup arrays may be mounted adjacent one another to produce wider displays. 

The length of the display can be anywhere from inches to thousands effect 
depending on the length of the web supply roll j since the roJMo-roll process can produce 
rrdcroeup arrays of any desired length. 

Alternative roH-to-roH methods, hi addition to employing the method 
embodiment of Fig, 5, as shtiTO m Fig, S (top exposure), the roll-to-roll apparatus of the 
invention may alternatively employ themetliods of either of Fig, 6 or 7. For example, the 
method of; Fig. 7 may be employed, whereby the web (($6) in Fig, B) comprises a material 
transparent to the radiation. The conductor lines ((88) in Fig. .8) correspond to the 
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conductors (72) m Fig. 7 are opaque to the radiation, and the web is irradiated from behind 
section (103) by an additional UV source (not shown). 

Preparation And Sealing Of Murfl-Color Electrophoretic Displays 

An important aspect of this invention is a method for selectively rllHn 
cups with pigment suspensions of different colors in a predetennined multicolor pattern to 
produce a color electrophoretic display. 'The steps for the manufacture of a multi-color 
electrophoretic display include; 

(1) larrrmating or coating me formed imcrocup array with a positively working 
photoresist. Conventional photoresist compositions and developmg solutions may be used^ 
such as novolac photoresist fern Shipley (MA) or Hunt Chemical (CT), or Sumitomo 
(Japan), For example, a laminating composition may be used comprising a removable 
support such asPET-4851 from $aM-Gobam 3 Worcester^ MA; a novolac positive 
photoresist such as Microposit SI 818 from Shipley; and an alkali-developable adhesive 
layer, such as a mixture of Nacor 72-8685 fem National Starch and Garboset 515 from BF 
Goodrich; 

(2) selectively opening a partial set (first subset) of the microeups byimagewise 
exposing the photoresist, remo\ing the removable support film, and developing the 
positive photoresist with a developer such as diluted Microposit 351 developer from 
Shipley; 

(3) filling the opened cups with the electrophoretic fluid, such as fluid containing 
charged white pigment (TiQa) particles and dye or pigment of the first primary color; 

(4) sealing the filled microcup s as described in the reparation of monoctejriie 
displays; and 

(5) repeating steps i; (2) through (4) for additional subsets of the microcups, so as to 
create microcups filled with electrophoretic fluid of the second and the third primary 
colors. 

Figures 9A-9H show a specific example of me preparation of a multi-color 
electrophoretic display bythemethod of the invention, mcluduig the following steps: 
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Fig. 9 A; Provide a microcup array produced by one of the methods described 
above, the microcup array comprising a plurality of 
(121) to form an array of microcup cells (1 22). 

Wig. 9B: Laminate the array of microcups (122) with a positive dry-film photoresist 
winch comprises at least, an adhesive layer (123), and a positive photoresist (124). Using a 
first photomask (not shown), imagewise expose the positive photoresist (124) by XJV, 
visible light, or other radiatioiij with the expose being limited by the mask to a 
predeternnned first subset of microcups ofthe array (122a). Known photoresist 
compositions and lamlnatmg nlec^ employed. 

Fig. 9C: Develop the photoresist (124) so as to openby removal of the photoresist 
(124) and adhesive layer (123) from the selected exposed microcup subset (122a). Known 
photoresist development solvents and solvent application mechanisms may be employed, 

Fig. 9D: Fill in the opened microcup subset (122a) with a charged pigment 
dispersion (125a) in a dielectric solvent corresponding to the first primary color and a 
therrnoset sealant precursor (126a) which is ^compatible with the solvent and has a lower 
specific gravity than the solvent and the pigment particles. Seal the microcups (122a) of 
the first subset to form closed electrophoretic cells containing electrophoretio fluid of the 
first primary color by curing the thermoset (126a) (preferably by radiation such, 

as UV, less preferably by heat or moisture) during or after the thermoset precursor 
separates and forms a supernatant layer on top of the liquid phase. The sealing of the 
microcups may be alternatively accomplished by directly coating a layer of the thermoset 
precursor material over the surface of the liquid phase (125a). 

Fig. 9E: Repeat the steps shown in Fig, 9B with respect to a second selected 
subset (122b) of the microcups of the array, using a second mask to expose the second 
selected microcup subset (122b). Optionally, the first mask may be moved and re-aligned 
so as to expose the second subset. 

Fig. 9F: Repeat the steps shown in: Fig, 9C with respect to the second selected 
subset (122b) of the microcups so as to open the second microcup subset (122b). 

Fig. 9G: Repeat the steps shown m Fig- 9D with respect to the second selected 
subset (1 22b) of the nricroctips to fill the second microcup subset with a pigment/solvent 
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dispersion (I25b) corresponding to a second primary color, and to seal the second subset 
(122b) with sealant (126b) to form closed eiectrophoretic cells. 

Fig, 9H: Repeat the steps shown in Figs. 9B-D with, respect to the tnird selected 
subset (122c) of the microcups so as to expose, open, fill and seal the third subset (I22e) 
and form closed electrophoretic cells corresponding to a third primary color. The residual 
photoresist (124) and adhesive layer (123) may then he removed. The sealed array of 
electrophoretic cells is then laminated in registration to a pr&-pattemed transparent top 
conductor film (127) pre-coated with an adhesive layer (128) which may be a pressure 
sensitive adhesive, a hot melt adhesive, aheaVnioisture, or radiation curabie adhesive. 
The adhesive is hardened to bond to the cells. Known laminating mechanisms and 
adhesives may be employed. 

Synchronized Ron-To-Koil Process For Miilti-Cplor Biectrophoref ic Displays 

An itnnortant aspect of this invention is aroll-to-ToU method for making multi- 
color electrophoretic displays, whereby the process of Fig. 9 A-H may be carried out on a 
continuous basis. The method includes exposing the laminated or coated microcup array 
through a synchronized photomask that is registered with the rmcrecups and moving at the 
same speed as the web carrying the laminated niicroeups. After exposing the selected cups, 
the positively working photoresist is developed and opened in the exposed areas . Color 
displays can then be manufactured by a serni-contmuous process on a web of any desired 
length, which may be subdivided as desired for the final display product. 

Figures 10- 10A and 10B show the method steps of Fig. 9 A-H carried out by the 
novel synchronized 

positive acting photoresist laminate. The pre-formed riiicrocup array/support web (SI) is 
shown being fed inward at the upper right, such as rrom an array storage/tensioner device 
(105 ') , which may optionally be the output (105) of the roll-to-roll array forming process 
shown in Fig, 8. 

The mdcrocup array (81) is initially laminated or coated with a continuous Strip of 
positive acting photoresist composition (131) which is fed inward from photoresist storage 
(132) . m the case of lamination, the photoresist composition (131) may comprise the 
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adhesive layer (123) and positive pilotoresist (124) shown in Fig. 9. Hie larrhnation may 
be accomplished by coaventte such as by pressure of laminating 

cylinders (133a and 133b). 
The roll-to^ 

substantially similar to the roU-to-roll photo-lithographic apparatus (80) for making 
microcup arrays shown in Fig. S- M me preferred motm^ 

the mask (136) is formed as a continuous loop, and is mounted to engage in tension at least 
a spaced-apart pair of drive/support cylinders (140 and 141), the mask loop (136) having a 
substantial straight section (142) spanning between the curved portions (143) which, fit 
around the drive cylinders (140 and 141), 

The microcup array {81) similarly engages and passes around at least two spaced 
apart drive cylinders (150, 351), so that a straight portion (153) of the array (81) is aligned 
parallel to the straight section (142) of the mask loop (136)* The mask drive cylinders 
(140, 141) are driven to rotate in the d% 

cylinders (ISps 151) are driven to rotate in the opposite direction shown as Arrows B 5 so as 
to cause the mask straight section (142) and web sfr^ 

in the same dif ection, ai the same speed. The respective m ask and web straight sections 
(142) and (153) respectively are preferably disposed a selected small distance apart. The 
photomask (136) may be synchronized in motion with the microcup array (81) by the 
methods described above with respect to the roll-to-roll process of Kg. 8. 

Note that the orientation of the de\dce (130) mFIg* 10 is only exemplary, and the 
elements may be re-arranged in many suitable drientatiohs with respect to the vertical 
direction for carrying out the method steps shown. Additional conventioBai supports, such 
as guides;rollers and the like, may be used to support, tension, turn, and/or twist the 
microcup array (81) during the process sho wn. 

Figure IDA shows, in plan view aportion of the mask (136). Note Line 10-10 in 
Fig. 10A defines the cross section of the mask (13 6) shown in main Figur e 10, Note that 
the pattern of synchronized mask (13 6) has transparent sections (160) sized and aligned to 
permit the ejeposure of the surface (165) of a first subset of the rnicrocupSj in this example, 
every -third microcup in linear sequence. The opaque portion of the mask (162) prevents 
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exposure of the remaining microcups and wall area. Following IJV or other radiation 
exposure, the photoresist (131) is washed or treated with a suitable photoresist developer 
which leaves me unexposed material (131a) in place as it removes the exposed material 
(I31b) ? so as to create an opening iii the lamiiiate of the exposed mierocups. Following the 
wash step, the microcup ar/ay may be dried, and t^ for storage 

or farther processing (106). 

.Figure 10B shows m plan view a portion of the rnicrocup array (81) fbHowing 
delveiopment of the pholoresist (131). Note Line 10 ? -10 J in Fig. 1 OB defines the cross 
section of the microeup array (SI) shown in main Figure 10. The exposed ITO conductor 
(S8) m the rnicrocup floo as the 

exposed conductor (88) of a subset of the microcups is visible through the openings (3.66) 
formed by removal of exposed photoresist (1315). The balance of the microcups and walls 
remain covered by unexposed photoresist (I Sla^ corresponding to the transparent mask 
portions (162), In the example of Fig. 10, the first rnicrocup subset, both in transparent 
mask sections (160) and developed photoxesist openings (166), comprises staggered-off set 
rows, with every tMrdnncxocup in each row opened. 

fn Figure I0 5 the rnicrocup array (81) with the fh:st stibset opernngs (166) is shown 
being taken up by a second array storage/tensioner device (106) (not shown) as it moves 
outward (away from the UV exposure section). Optionally, the device (1 06) may comprise 
further processing apparatus for continuous processing. It may be seen that following 
filling and sealing tlie opened microcups, as described above with respect to Fig ?D 9 the 
process of Fig. 10 may be repeated {on the same or additional device (13 0), with the 
transparent sections (160) of mask (136) aligned to expose and create openings in a second 
rnicrocup subset 

Figure 11 illustrates schematically a semi-continuous process for the manufacnire 
of a 3-color EPD rnicrocup array assembly, employing the methods described herein, 
particularly the memods described above in Figs, 8. 9 and 10; The exemplary process of 
Fig. 11 begins with the in-feed of a pre-pattem ed conductor/support web from a web 
Storage device (202). The web forms a continuous strip substrate upon which the processes 
of steps (204) through (23S) of Figure 11 may be performed hi sequence. The web maybe 
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moved, turned and guided by rollers, gmde slots and Hie like;, (not shown) as needed to 
bring it sequentially to the locations of apparatus to perform these steps. 

At step (204), the web/conductor is coated with radiation curable precui-sor material 
(RCPM). At step (206),, the coated web is exposed in aroll-to-roll synchronized photo- 
lithographic apparatus of the invention through arnicrocup mask. At step (208), the 
uncured RC?M is removed by neatment or "washmg" employing suitable solvent 
compositions, to leave the cured Tnicrocup array formed upon the Web. 

A positive acting photoresist laminate or coating is fed from storage device (210) 
and laminated or coated onto the upper surface of me microcup array at step (21 1), thereby 
individually enclosing the micrccups, so as to pennit selective filling. The microcup array 
with the photoresist is then exposed in another roll-to-roll synchronized photo-lithographic 
apparatus of the invention at step (21 2), using a mask configured to only expose a first 
subset of the microcups. At step (214), the microcup array is treated or "washed" 
employing suitable solvent compositions, to remove the exposed portion of the photoresist 
Since Step (212) only exposed Ihe flrst subset of micro the removal of the photoresist 
is only from the tops of the first subset of microcups, which are thereby selectively opened. 
At step (216), the opened fet subset of cups are fniedwith a first pigment/solvent 
composition. At step (21 8), the first subset of open microcups is sealed and cured as 
described in Mg. 9 above, The sealing process of step (218) doesnot compromise the 
unexposed photoresist; 

The microcup array is men exposed in another roll-td-ro3I s jnchronized photo- 
HmograpMc apparatus of the invention at step (220) using a mask configured to expose a 
second subset of the microcups (while leaving a remainmg third subset unexposed). At 
step (222), the microcup array is treated or "washed" employing suitable solvent 
compositions, to remove the exposed portion of the photoresist. Since Step (220) only 
exposed the second subset of microcups, the removal of the photoresist is only from the 
tops of this second subset, which are thereby selectively opened (leaving the third subset 
closed). At step (224), the opened second subset of cups are filled with a second 
pigment/solvent composition. At step (226), the second subset of open rmcrocups is sealed 
and cured as described at step (218). 
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Theremamiagpliotm-esistis tliea removed at step (230), the microcup array beir.g 
treated or "washed" employing suitable solvent compositions, thereby opening the third 
subset of microeups. Optionally, step (230) may include exposing the remaining 
photoresist to radiation, to assist removal. At step (232), the opened third subset of cups 
are filled with a third pigment/solvent composition. At step (234), the third subset of open 
microeups is sealed and cured as described at step (218). 

At step (238), a pre^pattemed ITO top conductor film is fed from ITQ laminated 
storage device (236) and is laminated to the upper siitface of ihe filled and sealed microcup 
array. The exemplary process terminates with the out- feed of an assembled 3-color EPD 
microcup array (240) ni the fonn of a continuous sealed EPD array strip. The microcup 
array (240) may be out-fed to storage, or may continue to lurcher continuous sequence 
processing steps, hi general, mrlber processing includes subdividing the array to form 
individual array portions, which, are subsequently packaged to form EPD products. 

While represent invention has been described with reference to the specific 
embodiments thereof, it should be understood by those sldlled in the art that various 
changes may be made and ecFuivalents may be substituted without departing from the true 
spirit and scope of memvention. M addition, many ^m^ 

particular: situation, materials, compositions,, processes, process step or steps, to the 
objective, spirit and scope of the present invention. All such modifications are intended to 
be withih me scope of the claims app ended hereto, 

For example, it should be noted that (he method of the invention for making 
microeups may also .be used for manufactuiing microcup arrays for liquid crystal displays, 
as well as eleetropheretic displays. Similarly, the microcup selective filling, sealing and 
ITO laminating methods of the invention may also be employed in the niaimfacture of 
liquid crystal displays. 

It is therefore wished that tms invention to be defined by the scope of the appended 
claims as broadly as the prior ait will permit, and in view of the specification if need be. 
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WHAT IS CLAIMED IS : 

"h A process for 

electronic device, said process including te imagewise exposure of radiation sensitive 
material, said process comprises the steps of: 

(a) providing a support web; 

(b) providing a layer of radiation sensitive composition coated on said support 
web; 

(e) providing a pre-pattemed photomask, said photomask comprises a strip 
formed as a continuous loop, said photomask pattern corresponding in fbmrto at 
least one of said structures so as to permit an image of said structure to be projected 



(d) aligning said photomask loop adjacent to said support web so that a portion 
of said photomask loop is in generally parallel orientation to at least a portion of said 
web, 

(e) selectively imagewise exposing said radiation sensitive material by passage of 
radiation through said photomask; 

(f) rolling said photomask loop in synchronized motion relative to said support 
web, said synchronized motion includes moving at least a portion of said photomask 
loop and at least a portion of ^ same direction. 

2. A process as in Claim 1 , wherein: 

said step of rolling said photomask loop includes movingat least aportion of said 
photomask loop and at least aportion of said web ^parallel in substantially the same 
direction and at substantially the same velocity during said exposure step. 

3. A process as in Claim 2 5 wherein; 

(a) said step of providing an elongate support web includes that said web 
comprises a plurality of conductor lines for addressing microcups of at least One 
display device; 
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(b) said step providing a layer of radiation sensitive composition includes that 
said composition is a radiation curable material for said structures, said stnieiures are 
aplorality of microcups disposed as amierocup array for at least one display device; 

(c) said step of providing a pre^patfemed photomask includes that said 
photomask pattern corresponding in form to said plurality of microcups, so as to 
permit an image of said microcups to be proj ected by radiation passing through said 
photomask; 

(d) said step of selectively exposing said radiation sensitive material includes 
selectively curing a portion of said radiation curable precursor material while a 
portion of said radiation curable material remains uncured, said selectively cured 
portion con-esponding to said, plurality of microcups; and 

(e) said process includes the step of selectively removing said uncured portion of 
said radiation curable material while leaving on saidweb said selectively cured 
portion, so as to form said rnicrocup array, 

4. A process as in Claim 2 S wherein: 

(a) said step of providing a support web includes that said web comprises a 
plurality of pre-fornied microcups disposed in an microcup array for at least one 
display device, each of said microcups having a top openrng; 

(b) said step of providing a layer of radiation sensitive composition includes that 
said composition is a positively working photoresist composition, and that said layer 
is deposited upon said niicrocup array to close said plurality of microcup top 
openings; 

(c) said step of providing a pre-pattemed photomask includes that said 
photomask pattern corresponds in form to said top openings of a first selected subset 
of said plurality of microcups, so as to perniit an image of said top openings of said 
first microcup subset to be projected by radiation passing through said photomask; 

(d) said step of selectively exposing said radiation sensitive material includes 
selectively exposing the portion of said photoresist layer coordmute with said 
microcup top openings of said first selected microcup sub set; 
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(o) said process includes Hie step of selectively removing said exposed portion of 
said photoresist layer so as to selectively re-open the top Openings of said first 
selected microcup subset; 

5. A process as in Claim 4> wherein said process includes the steps of: 

(a) selectively filling said first microcup s 

openings with at least one of: a first electrophoretic display pigment/solvent 
composition and a first liquid crystal composition; and 

(b) closing and sealmg said re-opmed top opeum 

6. A process as in Claim 5, wherein: 

following said step of closing and sealing said re-opened top openings of said first 
microcup subset, said process mcludes the steps of; 

(a) repeating said photomask providing step, said photomask pattern corresponds 
in form to said top openings of a second selected subset of said plm*ality of 
microcups, so as to pennit an image of said top openings of said second microcup 
subset to be proj ected by radiation passing through said photomask; 

(b) repeating said aligning step, said selectively imagewise exposing step, said 
rolling step, and said selectively removing steps, so as to selectively re-open said top 
openings of said secondniicrocup subset; 

(c) selectively nlhng said secoM 

top openings with at least one of: a second eleclrophorefic display pigmeiiVsolvent 
Composition and a second liquid crystal composition; and 

(d) closing and sealing said re-opened top opeiiings of said second microcup 
subset. 

7. A process as in Claim 6, wherein; 

following said step of closing and sealing said re-opened top openings of said second 
microcnp subset, said process mcludes the steps of: 

(a) removing said photoresist layer for at least the top openings of a third subset 
ofmicrocups; 



40 



WO 02/065215 



PCT/US02/04967 



(b) filling said third microcup subset via saidre-openedinicrocup top openings 
with at least one of: a third electrophoretie display pigment/solvent composition and 
a third liquid crystal composition; and 

(c) closing and sealing said re-opened top openings of said 1hird microcup 
subset. 

8. A process as in Claim 7, said process includes the steps of: 

larrdnating upon said microcup array a. top lannnate, said top laminate includes a 
plurality of pre-pattemed transparent conductor lines for addressing ndcrocups of at 
least one display device. 

9. A continuous process for the preparation of an assembled microcup array for at least 
one display device^ said process comprises the steps of: 

(a) carrying out the process of Claim 3, so as to forrn said microcup array upon 
said support web, each of said microcups having a top opening; 

(b) moving said web so as to permit at least one subsequent process step to be 
performed on said microcup array in a generally continuous manner; 

(c) fnlhig at least a subset of said microcups via said top openings with a fluid 
composition mcludtng at least one of: an electrophorctic display pigment/solvent 
composition and a liquid crystal display composition, and permanently closing and 
sealing said at least a subset of top openings of said microcups; and 

(d) laminating upon said microcup array atop laminate, said top laminate 
includes a plurality of pro-pattern ed conductor lines for addressing rnicrociips ..of at 
least one display device, so as to form an assembled microcup array for said at least 
one display device. 

10. A continuous process as in Claim 9, wherein: 

said step of filling, sealing and closing comprise filmg substantially all of said 
microcups with a single fluid composition, so as to form an assembled microcup 
array for at least ons monochrome display device. 
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1 L A continuous process as in Claim % wherein; 

said steps of filling, sealhig and! closing comprise dairying oat the process of Claim 7 
to selectively fill a plurality of rrucrocup subsets with a plurality of different fluid 
compositions^ so as to form an assembled microcup array for at least one multi-color 
display device. 

12. A process for the preparation of a plurality of well-defined structures of at least one 
electronic device, said structures being disposed coordinate with, a plurality of elements of 
said at least one electronic device, said process including the imagewise exposure of 
radiation sensitive material, said process comprises the steps of; 

(a) providing a support web having a surface; 

i. said support web includes a plurality of elements of said at least one 
electronic device; 

ii. said elements being disposed in a repeated longitudinal pattern along: 
said support web; 

(b) coating alayer of radiation sensitive composition on said support web; 

(c) providing a pre-patterried photomask; 

i. said photomask comprises a strip formed as a continuous loop; 

iL said.photomask loop is configured to have a loop face adjacent to at 

leas t a portion, of said web surface; 
jii. said photomask pattern includes a plurality of photomask.portions 7 

each of said photomask portions having one of pre-selected transparency to 

radiation and pre-selected opacity to radiation corresponding in form to one 

of said plurality of structures; 

(d) aligning said photomask loop face in generally parallel orientation adj acent to 
said support web surface, including ah'gmng in a predetemuned spatial relationship at 
least one of said plurality of elements to at least one of said plurality of photomask 
portions; 

(e) selectively imagewise exposing said radiation sensitive material by passage of 
radiation through said photomask; 
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(i) moving said photomask loop face in synchronized motion relative to said 
support web surface^ said synchronized motion includes moving said loop face and 
said web surface in parallel in the substantially the same direction for substantially 
the sam e distance so as to maintain said alignment in a predetermined spatial 
relationship, 

13. Aprocess as in Claim 12, wherein: 

said step of moving said photomask loop face in synchronised motion includes 
moving said loop face and said web siuface at substantially the same velocity. 

14. A process as in Claim 12, wherein: 

said step of moving said photomask loop face in synchronized motion includes 
moving said loop face and said web surface at a constant relative velocity. 

1 5 . A process as in Claim f3 3 wherein: 

said step of moving said photomask loop face in synchronized motion is cam out 
generally simultaneously with said step of exposing said Ration sensitive material 

16. A process as in Claim 15, wherein: 

said steps of moving said photomask loop face m synchronized motion and exposing 
said radiation sensitive material are carried out generally continuously. 

17. A process as in claim 16, wherein: 

said step of coating a layer of radiation sensitive composition is carried out generally 
continuously. 

18. A process as in Claim 15, wherein: 

said step of coating a layer of radiation sensitive composition includes that said layer 
is one of:: 

fa) a radiation curable precursor material for said structures; and 
(b) a photoresist composition; 
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19. A^o^^mi^lsmlS.y^diL: 

said .step alignmg said photomask loop includes: 

(a) detecting at least one of: 

L one of said elements of said web; and 
iii a pre-formed marker on said web; 

(b) detecting at least one of said photomask portions; 

1 one of said portions of said photomask; and 
il a pre^formed marker on said photomask, and; 

(c) controlling the motion of at least one of said web and said photomask face in 
response to said detections, so as to bring at leasi one photomask portion into a 
predeterrnined spatial relationship ^ith at least one photomask portion. 

20. A process'as in Claim 16, wherein: 

(a) said step of providing said support web includes that said plurality of 
elements of said at least one electronic device includes a plurality of pre-patterned 
conductor lines for addressing mierocups of axi electronic display; 

(b) said step of coating a layer of radiation sensitive composition includes: 

i. said composition is a radiation curable material for said structures; 

and 

ii, said structurss are : a pruxaMty of rnicrocups disposed in an array for at 

least one electronic display 
iii said mierocups comprising surrounding rmcrqeup walls; 

(c) said step of "providing a pre-patterried photomask includes each of said 
plurality of pho tomask portions corresponds m 

one of said plurality of mierocups; 

(d) said step of aligning in a predetermined spatial relationship includes aligning 
at least one of said plurality of conductor lines coordinate with at least one of said 
plurality of photomask portions corresponding to nucrocups; 

(e) said step of selectively exposing said radiation sensitive material includes 
selectively curing a portion of said tadiation curable precursor material while a 
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poraonof saidra&^ 

cured portion corresponding to said nucrocup walls* 

21. A process as m Claim 20, wherein said process includes the step of: 
following said step of selectively exposing said radiation sensitive material, 
selectively removing said imcured portion of said radiation curable precursor 
material while leaving said selectively cured poison corresponding to said rnicrocup 
walls. 

22. A process as in Claim 21 wherein; 

said step of selectively removing said uncnred portion of said radiation curable 
precursor material is carried out generally continuously. . 

23 . A process as in Claim 16, wherein: 

(a) said step of providing a support web includes that said web comprises a pre- 
formed array of a plurality of microcnps for at least one electronic display, each of 
said microoups having a top opening ; 

(b) said step of coating a layer of radiation sensitive composition includes; 

L said composition is a positively wor^g photoresist Co and 

ii. said coating step includes depositing said layer upon said microcup 

array to close arid seal said microcup top openings; 

(c) said step of providing a pre-paitemed photomask includes that each of said 
plurality of photomask portions has a pre-selected trarisparency to radiation 
corresponds m form to one of a first selected subset of said plurality of microcups top 
openings; and 

(d) said step of selectively exposing said radiation sensitive material includes 
selectively exposing the portion of said photoresist layer coordinate with said 
micrccup top openings of said first selected rnicrocup subset. 

24, A process as in Claim 23 7 wherein sai ; d process includes the step of: 
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following said step of selectively exposing said photoresist layer, selectively 
removing said exposed portion of said photoresist layer so as to selectively re-open 
the top openings of said first selected rmcrocup subset 

25, A process as in Claim 24, wherein: 

following said step of selectively removing said exposed portion of said photoresist 
said process includes the steps o£ 

(a) selectively J511ing said first microcup subset via said re-opened microcup top 
openings with at least one of: 

i, a first electrophoretie display pigment/solvent composition; and 
iL a first liquid crystal composition; 

(b) permanently closing and sealing said re~opened top openings of said first 
microcup subset. 

26. A process as in Claim 25 5 wherein: 

following said step of closing and sealing said re-opened top openings of said first 
microcup subset^ said process includes tiie steps of: 

(a) repeating said photomask providing step by providing a second photomask, 
said second photomask including photomask portions corresponding in form to the 
top openings of a second selected subset of said microeups; 

(b) repeating said aligning, moving, selectively imagewise exposing, and 
selectively removing steps with respect to said second photomask and sa^ 
microcup subset, so as to selectively re-open said top openings of said second 
microcup subset; 

(e) selecnvely filling said second microcup subset via said re-opened microcup 
top openings with at least one of: 

i. a second eleclrophoretic msplay pigmerjt/solvent composition; and 

iL a second liquid crystal composition; 

(d) closing and sealing said reopened top openings of said second niicrocup 
subset. 
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27. A process as in Claim 26 ? wherein: 

said step of providinga web includes providing a Eiiqrooup array s said array includes 
at least a third subset of microcups distinct from said first and second subsets; and 
wherein following said step of closing arid sealing said re-opened top openings of 
said second rnicrccup subset, said process includes the steps of: 

(a) removing said photoresist layer for at least the top openings of said third 
subset of microcups; 

(b) filling said third microcup subset via said re-opened microcup top openings 
with at least one of: 

iii. a third electrophoretic display pigment/solyent composition; and 
iv* a third liquid crystal composition; 

(c) closing and sealing said re-opened top openings of said third microcup 
subset, 

28. A process as in claim 27 3 said process includes the steps of: 

laminating lipon said sealed microcnp array a top laminate, said top laminate 
includes a plurauty of pre-pattenied conductor lines for addressing microcups of at 
least one display device. 

29. A process as in claim 28 J said process includes the steps of: 

depositing a layer of adhesive between tire said sealed microcup array and said pre- 
patterned conductor lines by coating or lamination. 

30, An apparatus for the preparation of apiurality of well-defined structures of at least 
one electronic device by the irnagewise exposure of a layer of radiation sensitive material 
coated upon a support web, comprising: 

(a) a web drive mechanism engaging said support web so as to movably guide 
said web; 

(b) a pre-pattemed. photomask, said photomask comprises a strip formed as a 
continuous loop; 
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(c) a photomask aHgDment mechaiiism engagiiig said photomask, said ahgnnient 
mechanism is moimted adjacent said web so as to align said photomask loop adjacent 
to said web so that a portion of said photomask loop is in generally parallel 
orientation to at least a portion of said web; 

(d) a photomask drive mechanism engaging said photomask for rolling said 
photomask loop, said photomask drive mechanism is syncnronizable -with said web 
drive mechanism so as to permit rolling said photomask loop in synchronised motion 
relative to said support web, said synchrornzed motion includes moving at least a 
portion of said photomask loop and at least a portion of said web m parallel in 
substantially the same direction; 

(e) said photomask pattern correspond s in form to at least one of said structures 
so as to peimit an image of said structure to be projected by radiation passing through 
said photomask; and 

(t) a radiation source mounted in cooperative ahgnment with said photomask 
and said web so as to permit the selective imagewise exposure of said radiation 
sensitive material by passage of radiation through said photomask. 

31 .. An apparatus as in Claim 30, wherein: 

said synchronised motion of said synchronizable pho tomask drive mechanism 
mciudes moving at least a portion of said photomask loop and at least a portion of 
said web in parallel at substantially the same velocity. 

32. An apparatus as in Claim 31, wherein: 

(a) said support web includes a plurality of conductor lines for addressing 
microcups of at least one display device; 

(b) said layer of radiation sensitive composition is a radiation curable material for - 
said structures, said structures are a plurality of microcups disposed as a microcup 
array for at least one display device; and 

(c) said photomask pattern corresponds in fern to said plurality of microcups, so 
as to permit selectively exposing said precursor material by an image of said 
microcups projected by radiation from said radiation source passing through said 
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photomask so as to selectively cure a portion of said precursor materia] wile a 
portion of said precursor material remain 
corresponding to said plurality of rnicrocups. 

33. Ail apparatus as in Claim 32 ? further comprising: 

a solvent application mechanism mounted adjacent said web so as to permit the 
application of at least a solvent for removing said vmcured portion of said precursor 
material while leaving on said web said selectively cured portion, so as. to form said 
rnicrocup array upon said web. 

34. An apparatus as in Claim 31, wherein: 

(a) said support web includes a plurality of pre-formed microcups disposed in an 
rMcmcup array for at least one display device, each of said rnicrocup 

opening; 

(b) said layer of radiation sensitive composition is a positively working 
pbotoresist odmposition deposited upon said rnicrocup array so as to close said 
plurality of rnicrocup top openings; and 

(c) said photomask is a first photomask having a first pattern; and 

(d) said first photomask pattern corresponds in form to said top openings of a 
. first selected subset of said plurality of irricrocups, so as to permit selectively 

exposing said photoresist layer by an image of said top opeiimgs of said first 
rnicrocup subset by radiation passing through said first photomask so as to expose 
the portion of said photoresist layer coordinate with said top openings of said first 
selected rnicrocup subset while a portion of said photoresist layer remains 
unexposed, 

35. An apparatus as in Claim 34, further comprising: 

a solvent application mechanism mounted adj aeent said web so as to permit 
application of at least a solvent for removing said exposed portion of said photoresist 
layer while leaving on said rnicrocup array said unexposed portion, so as to 
selectively re-open the top openings of said first selected rnicrocup subset. 
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36, An apparatus as in Claim 35, further comprising: 

(a) aflrst tat crocup filling m 

the selective filling of said first miorpcnp subset ma said re-opened microcup top 
openings v/ith at least one of: a first elec1rophoretiG display pigment/solvent 
composition and a first liquid etysta3 <^splay composition; and 

(b) a first microcup sealing mechanism mounted adjacent said web so as to 
permit the closing and sealing said re-opened top openings of said nrst niicrocnp 
subset 

37. An apparatus as in Claim 36, further comprising: 

(a) a second prepatterried photomask having a second pattern; 

(b) a second photomask alignment meehamsm engaging said second photomask, 
said second alignment mechanism is mounted adjacent said web so as to align said 
second photomask loop adjacent to said web so that a portion of said photomask loop 
is in generally parallel orientation to at Jeast a portion of said web; 

(c) a second photomask drive mechanism engaging said second photomask for 
rolling said second photomask loop, said second photomask drive meeharnsm is 
syneliromzable with said web drive mechanism so as to permit rolling said second 
photomask loop in synclnonized motion relative to said support web, said 
synchronized motion includes moving at least a portion of said second photomask 
loop and at least a portion of said web in parallel at substantially the same velocity; 
and 

(d) a second radiation source mounted in cooperative aligument with said second 
photomask and said web so as to permit the selective imagewise exposure of said 
radiation sensitive material by passage of radiation through said second photomask, 
(c) said second photomask pattern corresponds inform to said top openings of a 
second selected subset of said plurality of microcups, so as to permit selectively 
exposing said photoresist layer by &n image of said top openings of said second 
microcup subset, and so as to expose the portion of said photoresist layer coordinate 
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with said top openings of said second selected microcup subset while" a portion of 
said photoresist layer remains unexposed. 

(f) a second solvent application mechanism momiied adjacent said web so as to 
permit the application of at least a solvent fox removing said exposed portion of said 
photoresist layer while leaving on said rnicrocup airay said unexposed portion, so as 
to selectively re-open the top openings of said second selected microcup subset; 
■ (g) a second microcup nllirig mechanism mounted adj acent said web so as to 
permit the selective filling of said second microcup subset via said re-opened 
microcup top openings with at least One of; a second electrophoretic display 
pigment/solvent composition and a second liquid crystal composition; and 
(h) a second microcup sealing mechanism mounted adj acent said web so as to 
permit the Closing and sealing said re-opened top openings of said second microcup 
subset 

38. An apparatus as in Claim 37, further comprising: 

(a) a third solvent application mechanism mounted adj acent said web so as to 
permit the application of at least a solvent for removing said photoresist layer on a 
third subset of said plurality of microcups of said microcup array, so as to re-open the 
top openings of said third microcup subset; 

(b) a third microcup ruling mechamsm mounted adjacent said web so as to 
permit the filling of said third mierocup subset via said re-opened microcup fop 
openings with at least one of: a third elecu'Ophoretic display pigment/solvent 
composition and amird liquid Crystal composition; and 

(c) a third microcup sealing rnechaoism mounted adjacent said web so as to 
permit me closing and sealing said re-opened top openings of said third microcup 
subset. 

39. An apparatus as in Claim 38 5 further comprising: 

a lanimatmg mechanism mounted adjacent said web so as to permit the adhesive 
lammation upon said microcup array of a top laminate, said top laminate iochides a 
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plurality of pre-patterned conductor lines for addressing rrucrocups of at least one 
display device. 

40. A process as m Claim % wher ein the conductor lines are transparent to visible light 

41. A process as in Claim % wherein the conductor lines are transparent to visible light. 

42. A process as in Claim 2G S wherein In? conductor 3ine$ are transparent to visible light 

43. A process as in Claim 28/ wherein the conductor lines are transparent to visible light. 

44. A process as in Claim 32^ wherein the conductor lines are transparent to visible light, 

45. A process as in Claim 39 3 wherein the conductor lines are transparent to visible light 

46* A photonmograplnc p^^ 

photomask synchronized with a moving web substrate. 

47. The process of Claim. 46 wherein said web substrate comprises a. conductor layer on 
a plastic substrate in which said conductor layer is coated with a radiation sensitive material, 

48 . The process of Claim 47 wherein said conductor layer isTTQ on PET {polyethylene 
terephthalate), 

49. The process of Claim 47 wherein said radiation sensitive material is a positive 
photoresist. 

50. The process of Claim 47 wherein said web substrate is 3TO/PET coated with a 
positive photoresist. 

51 . The process of Claim 49 wherein the positive photoresi st is developed after exposure 
and me conductor layer/plastic substrate is etched to expose discrete patterns . 

52. The process of Claim 51 wherein the photoresist is stripped. 
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